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COMPLETE SPEGIFrGA-TlO'N 

Process for Dyeing Aluminium Oxide Layers 

.^^j Durand & Huguenin A.G., a Swiss corporation, of Basle, Switzerland do 
hereby dedaref the flnventaon, for which we pray that a patent may be granted! to us, 
and the method by which it h to be performed, 'be particularly described! in and by 
the foUowmg statement: — 

5 This invention relates to a process for dyeing altminhtmi oxide layers produced 5 

on aluminium. 

It is known that oxfde layers produced on aluminium can be dyed 3 for example, 
with inorganic pigments. Organic dyestuffs, however, are preferably used to dye 
atamnium oiodie layers, 'because they are simpler to apply than facoganic pigments 
and they also enable numerous tints to be produced: Thus, a wide variety of organic 
dyestuffs have already been proposed for the dyeing off aluminium oxide layeis, 
varying namely both with respect to their dyeing properties and their chemical con- 
sutuuon Acid, ■water-soluble, organic dyestuffs are primarily of practical importance. 

it has now been discovered that organic dyestuffs containing at least one acid 
group of an acid of pentavalent phosphorus, arsenic or antimony are particuMv suit- 
able for dyemg aluminium oxide layers. 

^luminiup! oxide layers " there are to be understood such oxide layers as are 

<apable of absorbing organic dyestuffs as a result of their adsorption; capacity and 
their Luge mternal surface. Such oxide layers can be produced both by chemical 
metnoas, e.g. by oxidation with chromates, and especially by anode-electrolytic 
methods. 'Suitable anodic processes are, for example, the chromic acid, oxalc acid 
and, especially the sulphuric acid processes. 

«m. 7 " alum ™ um ," not onl y P^e aluminium is meant, but also alloys of aluminium 
with various other elements such, for example, a s Cu, Mg, Mn, SI Ni, Zn, Fb, Cd, 
Ti, which act in a manner similar to aluminfcm with respect to oxidation Accordfarfy! 

^Sl^SSSSSt ^ «** ° D *- aW -» «* « S 

««™2f u ydn % ? f B:lmi ^^ wa o^de layers may be effected by impregnation for 
jXmtmg or spraying, or dying fa a dye bath. The dyestuff fe 
advantageously employed in a partially or completely dissolved form For this purpose! 
tolh organic solvents such, for example, as ethyl alcohol, acetone or dfaietbyMorm- 
Ctv^^TT 0 Sf > lv ^ «ich, for example, as water, may be used, sofar as 
tSJZSSF** 3t ^ sahMe in active solvents. For practical and 

economical reasons, dyeing fa an aqueous dye bath is primarily desirable 

Dyestuffs contarning at least one of the aforesaid acid : groups exrd as tests 
have shown, in uieir particularly high afnnky for alumimunToxide Wrs Such dve- 
stuffs have hitherto not been used for dyeing aluniinium oxide layers ' 

It as further known that the affinity of conventional dyestuffs for alunumum 

therefore often forced to use softened water to prepare the dye bX and Ste 
^waterlostasa result of evaporation, which is uneeonornicaL ^ 
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One is forced in practice to use large dye baths, by reason of the various shapes 
and sizes of the aluminium oxide articles to be dyed., so that generally, when dyeing 
aluminium* oxide articles, only a smell psrt of the dyestuff dissolved in the dye bath 
is extracted. Since, however, a renewal of the bath is uneconomical, one is forced to 

5 dye in the same bath, that is to say, the dyestuff solution is not renewed after the 5 

dyeing, but brought again to the original concentration by the addition of dyestuff. 
This dyeing process causes an increase of foreign ions which cannot be avoided in 
practice*, for example, ! ion s of salts which are always present in the commercial 
dyestuffs, of salts resulting from the oxidation process and adhering to the aluminium 

10 articles, or of compounds used to adjust the pH value of the dve bath. Practice has 10 

shown that the presence of such salts can reduce the affinity for aluminium oxide of 
conventional dyestuffs so greatly that a complete renewal of the dye bath becomes 
necessary even if the dyestuff i s still present in the original concentration. 

Jt lia s now surprisingly been found that dyestuffs containing at least one acid 

15 group of an acid of phosphorus, arsenic or antimony do not exhibit this considerable, 15 
uneconomical disadvantage, but can be used dissolved either in hard water or water 
enriched with the usual salts. It was even noticed that the affinity of the dyestuff solu- 
tions is, in certain cases, even increased in the presence of or upon the addition of 
certain salts. 

20 Aluminium articles having an aluminium o?:ide layer, which ha s been dyed by 20 

the process of this invention, do not bleed when kept in water and upon sealing 
of the oxide layer. Bleeding has hitherto often been unavoidable, even when taking all 
precautionary measures, so that the production of uniform dyeings has been difficult. 

Furthermore, the affinity of dyestuffs containing at least one of the aforesaid acid 
groups for aluminium oxide is, unlike that cf most off the hitherto used dyestuffs, 25 
hardly influenced by a pH value of the dyebath in the conventional range of 4—8. 
liie orten comphcated adjustment and maintenance of a constant pH value of the 
dye bath is thus no longer necessary. 

• Aluminium oxide layers are usually dyed at temperatures between 55 and 65° C, 
30 since, when dyeing at room temperature, dyeings are generally obtained that are 30 

weaker or bleed more strongly in water. However, dyestuffs containing at least one 
or tne aforesaid acid groups can also be applied without chsadvancage at room 
temperature. 

Dyestuffs containing at least one of the aforesaid acid groups, when added in 
35 small concentrations to the sealing bath, also prevent the formation of oxide layers 35 
which can be rubbed off. [Process according to F. Modic, Aluminium 35, 382 (1959) 
and Jo, 457 (I960)] . ' 

The acid groups of pentavalent phosphorus, arsenic or antimony are preferablv 
groups of the formula ^ J 

X 



40 



45 



40 — A— YH 

in which A represents a phosphorus, arsenic or antimony atom, X and Y represent an 
oxygen or sulphur atom, and A is bound by at least one of the two free valencies to a 
carbon atom of a dyestuff molecule directly or through an oxygen, sulphur or nitrogen 
atom and, if not so bound by the second free valency, is bcund by the latter valency 

45 ?L a h y<f°S*n atom or a hydroxy!, mercapto, alfcyl, aryl, alkoxy or aryloxy group. 

rne acid group is preferably bound directly to a carbon atom of a dyestuff molecule 
One or more of these acid groups may be bound to the same dyestuff molecule. The 
JE? 1 ? may be derived from one of the following compounds: phosphinic arsinic 
or stalbmrc add, phosphonic, arsonic or stibenic acid, thicphesohonic or thioarsonic 

50 acid, armdo- or chamidcr- phosphoric acid, -and molesters cf phosphonic acid or of 50 

pnospnonc acid. The arsonic acid group, and more particularly the phosphonic acid 
group, are advantageous?. r K 

The chemical constitution of the dyestuffs used in the process of the invention, 
which contain at least one of the aforesaid acid groups is relatively iiiiiniportant as 

55 regards the affinity of the dyestuff for aluminium oxide. Widely varying dasses of « 
dyesaiffs are therefore suitable such, for example, as nitro, triarylmethane, xanthene 
acridme, ammoketone, quinoline, anthraquinone, phthalocyanine, monoazo, disazo' 
polyazo and azomethme dyestuffs. Combinations of dyestuffs of nvo different classes 
are also sinuible such, for example, as azoanthraqumone and azophthalocyaiune dye- 

60 stuffs, Dyestuffs axe further suitable which contain a group capable of forming a com- 60 
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plex with a metal, for example, an o-hydix>xycarboxypheiiyl or an o: ^-dihydroxyazo 
group, or those which- contain a heavy metal in complex union. 

As dyeing in aqueous solution is of industrial importance, those dyestuffs are 
primarily of interest which contain in addition to the aforesaid acid groups, other 
w ^I? >lub 5 izill S groups* in particular suiphonic acid groups, to increase the water- 5 
solubility. If desired, however, anodically oxidized aluminium may 'be printed with a 
dyestuff paste according to the film screen printing process. 

Only a small number of dyestuffs that are suitable for the process of die invention 
are known from the literature. However, they can be prepared by methods in {them- 
selves known. They may be synthesised, for instance, by starting from intermediate 10 
products that contain at least one of the above defined acid groups. Alternatively the 
acid groups may be introduced into the dyestuff molecule. A particularly suitable 
process for producing the dyestuffs used in accordance with the invention consists in 
reacting ; an intermediate product o* dyestuff conta'ming a reactive 'halogen atom with 
an aliphatic or aromatic ammo- or hydroxy- compound containing at least one of 
tire sard aad groups. Alternatively, a compound containing a reactive halogen atom 
in addition to at least one of the said acid groups may be reacted with an intermediate 
^rnlua or dyestuff containing an amino and hydroxy! group. Azodyestuffs can be 
obtained, for instance, by reacting a diazo-component with a coupling component, at 
tost one of Which components contains at least one of the said acid groups. Such 
^ mg -^ m ^ nen ? belong, for example, to the benzene, naphthalene acvJ^ 
acetylamme, pyrazolone or quinoline series. If the azo-dyestuff formed contains one or 
^SSLF^ 8 ca ^ M ? of forming metal complexes, it may be converted by known 
metnods anto a complex heavy menral compound. 

25 hv JtV^T^ muscrate the invention, the parts and percentages being *5 

by weight, unless otherwise stated, and the temperatures being degrees Centigrade; 




15 



20 



Example 1 

A decreased piece of aluminium is anodically oxidized in 20% sulphuric acid at 
a current density of 1.5 amp/dim 2 for 30 minutes at 18—20° to form an oxMb layer 
having a thickness of 10 microns, is rinsed in running water for 15 minutes and then 30 
dyed in a dyebath which wa s produced by dissolving 1 part of the dyestuff of the 



in 1000 parts of non^oftened water, at a pH of 7.0 and at room temperature for 30 
i^rS wafe? ydl ° W ' S obtained wMdl does *»* 'Weed upon seafeg 35 

*\7^iv^ tUtt ^ a ^ tformula is employed which has a SO,H group instead 
2 ^fj^ 2 ^° UP > T*,*^ dy f mg 5s V^™** under the same conditi^rrhe piece 
of aluminium is completely decoloured in the sealing bath as a result of bleediw F 

40 The dyestuff used in this Example may be prepared a s follows: 173 parts of 

3-aminophenyl-phosphonic acid are dissolved in 200 parts of water with sodium 
: solution to form- a neutral solution, 25 parts by volume of hydrochloric 
uJ: /°> *5? added and ^ solution is diazotiized after having been cooled to 5—10° 
by the dropv*se| addition of an aqueous solution of 7.0 parts of sodium nitrite. The 
diazo solution is allowed to flow at 3—8° into a solution of 22.4 parts oif 2^naphthoI- 

45 -6-sulphonic acid and 30 parts of sodium carbonate in 350 parts of water Ubon 

completion, the solution is 'heated until the dyestuff dissolves, 10O parts of sodium 
chloride are added, and the precipitated dyestuff is filtered off after havinc cooled. 

■ ^^-^^enyl-phosphonic acid is replaced by equivalent amounts otf 3- 
aminophenylmethylphospltoc acid or 4-amihodiphenyl arsinic aciki dyeS^ith 

50 similar properties are obtained. uywun* wren 



4o 



45 
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Example 2 

A piece of aluminium anodicaliy oxidized according to Example 1 is dyed at 
60° and at a pH of 7.0 in a bath containing 1 part of the dyestufF of the formula 

q NM 2 

-so?// 



XT 



5 dissolved in 1000 parts of non-softened water. 5 

A deep blue dyeing is obtained. 

Even with the addition of up to 15% sodium sulphate to the dye bath before 
dyeing, an equally strong dyeing is obtained. 

If a dyestufF of the above formula is used wnich has a S0 3 H) group instead of 
10 the PO3H2 group, the piece of aluminium is dyed considerably fainter. In the presence 10 
of sodium sulphate, absolutely no colouring takes place. 

The dyestufF used in this Example may be prepared as follows: 30 parts of 
l-ammo^-bmmc^anTliraqumone-2-sulphonic acid, 26 parts of 3-aminophenyi-phos- 
phonic acid, 47 parts of sodium carbonate and 3 parts of copper-(I)-chlbride are 
15 l heated : ini 800 parfe of water for 20 hours at 60 — 70^. By the addition of hydro- 15 
chloric acid until an acid reaction to congo red is obtained, the dyestuff is precipitated 1 
and obtained pure by dissolving the sodium salt in water and then precipitating the 
same. 

Dyestuffs of the following composition 

o N// 2 

Shade: blue 

and 




O WCt/zPOzt/z 
Shade: violet 

25 which may be prepared in the same manner, have similar properties. 25 

Example 3 

A piece of aluminium anodically oxidized according to Example 1 is dyed for 30 
minutes at 60° and a pH of 7.0 in a bath containing 2 parts of the dyestuff of the 
formula 



30 



CPC 



-(SOzM/C// s />O s /& ) 2 

30 



wherein CPC means a copper phthalocyanine molecule substituted in the 3 : 3 1 : 3 11 : 3 111 - 
positions, 100 parts of sodium chloride and 1 part of nitrilo-triaceric acid in 1000 
parts of non-softened water. A vivid, turquoise-blue dyeing is obtained. If the piece of 
aluminium is placed: in non-softened water without sealing, no bleeding can be noted 
55 even after three days. 35 
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If the dyeing is performed under the same conditions but in a bath containing 2 
parts of copper phtiialoeyai?me-^ ^ acid, aluminium) d s not 

coloured. On the other 'hand, if the dyeing is effected under conditions suitable for 
dyestuffs "exempt of phosphonic acid groups (i.e. at a pH of 5 and in the presence of 
softened water), a turquoise-blue dyeing i s also obtained After being placed in non- 5 
softened water, the piece of aluntinium dyed in this manner is after one day partially 
and after three days completely decoloured. 

The dyestuff used in this Example can be prepared as follows: 29 parts of cooper 
phthalocyanine are introduced into 220 pans of cMorosidphonic acid at 35° and stirred 
for 1 hour at 35° and for 4 hours at 135°. After having cooled to room temperature, one 10 
pours onto ice, the precipitated copper phthalocyanine-3 : 3 1 : 3 11 : S^-tatraJsodphonic 
chloride is filtered off, slurried in foe water and neutralized with sodium; carbonate. 
An aqueous solution of 11.5 parts of antinomethane phosphonic add and 35 parts of 
sodium carbonate are added and the mixture is stirred until' the reaction is completed. 
13 1 lie dyestuff i s precipitated by the addition of hydrochloric acid and is recrystalMzed i s 

irom water. XD 

If 5.8 parts or 17.3 parts of arnanomethane phosphoric acid are ussd instead of 
11.5 parts of ammomethane phosphinic acid, dyestuffs are obtained which are also suit- 
able for the process claimed. 

20 a l l 3 of ^ e aminometiiane phosphonic acid, equivalent amounts of 3-amino- 20 

4-methylp!henyl^hosphoiuc acid, 3-ammo^Morophenyl-arsonie acid or 4-amino- 
phenyl-stibcmic acid are used, dyestuffs are obtained with similar properties 

fcistead of copper phtiialoeyarfine-3 : 3 1 : 3": 3 ll ^tetrasulphonic chloride, copper 
plu±alocyamne-3 : 4 1 : 4 11 : ^"-tetirasulphonic chloride, nickel' phthalocyanine-3 : 3 1 : 3^: 

25 3 -tetrasulphomc chloride and chromium phthalocyanine-3 : 3 1 : 3 11 : S^^tettasulphonic ok 
chloride may be used, the latter compound yielding greener shades. 

Example 4 

A piece of aluminium anodficaJiy oxidiized according to Example 1 is dyed at 60° 
m a dyebath containing 5 parts of the dyestuff oftheformula 




30 



in 1000 parts of water. A red dyeing is obtained which, compared with the com- 
parable dyestuff free from? phosphonic acid groups, excels by its deeper shade and 
lesser bleeding upon sealing in boiling water. 

The dyestuff used in this Example may be prepared as follows : 

35 . 26 Pa* 15 of 3-nitro-4-chlorobenzene-l-sulphonic chloride are introduced in por- « 

ttons at 20—30° into a solution of 17 parts of 3-amanophenyl-phosphanic acid in 
100 parrs of water, the pH value being maintained at 7.5 to 8.5 with diluted sodium 
hydroxide solution. After the reaction is completed, the condensation product is 
separated off by the addition of sodium chloride and filtered. The intermediate com- 

40 .pound is heated under reflux in 100 parts of water and 30 parts by volume of a* 

caustic socbiye (30%) for 3 hours, rendered 1 acid' to Congo red with hydrochloric 40 
acid and «ered off. The resulting product is .introduced in portions into a boffins 
suspension of 30 parts of rilron powder in 150 parts of water and reduced 2 parts of 
so^um sulphite are now added, the suspension -is rendered markedly 'alkaline to 

45 phenolphthalem with caustic soda solution, .the iron residue is filtered off and the a* 

filtrate neutralised, with hydrochloric acid. A solution of S^-hy^xv-^-armno- 
phenyfculphonyl^ acid is thus ote jned. A solution contam- 

ik ^ ¥ .f ^ bDVe com P°^ * diazotized at 5—10° by the addition of 
hydiochlonc acid and 7 panes of sodium nitrite and introduced' at 15° into a solution 

50 ™ * ^fL° f ^5**3 : 6-disulphonic acid and 40 m^JL^^Z 50 

W/^r^T^ tto ^upfag is completed^ the solution is nepSS^fi 5 ° 
80 / 0 acetic acid, 25 parts of crystallized copper sulphate are added, the whole is 
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refluxed for 1 hour and the copper compound cf the monoaza dyestuff is separated 
off by filtration after the addition of sodium chloride. 

Equivalent amounts of 3-aimnophenyl-arsonic acid or arnmomemyl-phosphonic 
acid may be used with the same success instead of the 3-aminophenyl-phosphonic acid. 

Example 5 

5 1 part of dyestuff of the formula 5 

CM 

is dissolved in 20 parts of dimethylformamide and stirred into 80 parts of thickener 
(consisting of 8 pares of ethyl cellulose and 92 parts of xylene). 

The paste is printed on anodicaily oxidized aluminium by the film screen printing 
10 process and dried in the air. The print is completed by sealing in boiling water and 10 
■washing with benzene. An orange coloured print is obtained. 

The dyestuff used in this Example i s obtained by coupling diazotized 4-amino- 
phenyl-arsonic acid and 2-naphrhol. 

If 4-ammophenyl-phasphonic acid or 4-amiiiophenyl-stibonic acid is used instead 
15 of 4-aminophenyl-arsonic acid 3 dyestuffs with similar properties are obtained. 15 

The dyesnirrs used in this Example may also be dyed cold on aluminium from 
a 1% solution in dimethylformamide. 

Example 6 

A piece of aluminium anodicaJly oxidized according to Example 1 is dyed 
20 for 30 minutes at 60° in a. bath containing 2 parts of the dyestuff of the formula 20 



SO?// Mz 

in 1000 parts of water. A yellowish brown dyeing is obtained which excels in its 
water-fastness. 

The dyestuff used in this Example can be prepared as follows: 25.6 parts of 
25 3-rn\ro^-chloroben25ene-l^sulphonyl chloride are introduced at 30 — 40° in portions 25 
into a solution of 12.5 parts of 2-aminoethyl-phosphonic acid in 100 parts of water. 
A pH value of 7 — 8 is maintained during the said introduction by the dropwise addi- 
tion of 2N sodium carbonate solution. After the reaction is completed, the solution is 
rendered markedly acid to congo red with hydrochloric acid, the precipitated product 
30 is filtered off and recrystailized from alcohol. 30 
34.5 parts of the resulting 2-(3 3 -nim>-4 1 -chlororjenzene-sd^ 
phosphonic acid and 26.5 parts of 4-ammodiphenylamine-2-sulphonic acid are dissolved 
in the cold in 250 parts of water with caustic soda lye to form a neutral solution. 30 
g of sodium bicarbonate are then added and the whole is refluxed until the reaction; 
35 is completed. The nitro dyestuff is separated off in conventional manner and freed of 35 
by-products. 

Instead of 2-(3 1 -nitro^ 1 -chlorobenzenesulphonylammo)-eth add> 
equivalent amounts of 3-(3 1 -iun-o^ 1 -cmorobenzen 

acid, -arsonic acid or -sabonic acid may be used with the same success. 

Example 7 40 
40* A sheet of aluminium is oxidized at 95° for 10 minutes in a solution consisting of 

50 parts of sodium carbonate (anhydrous), 15 parts of sodium chr ornate and 1000 parts 
of water, rinsed for 10 minutes in running water and then dyed for 5 minutes at 60° 
in a dyebath consisting of 5 parrs of dyestuff of the formula 




45 dissolved in 1000 parts of water. A matt, yellowish olive-green dyeing is obtained 45 
which excels 'in its water-fastness. 
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The dyestuff used in this Example may be prepared as follows: 15.5 pans of 
4-aminonaphthaiic add-6-sulpfoanic acid, 8.6 pares of 3-aminophenyl-phosphomc acid 
and 30 parts of sodium bisulphite (anhydrous) are refluxed for 12 hours in 200 parts 
of water. The dyestuff is isolated as usual. 

Example 8 5 
A degreased pfiece of alumMum is anodically oxidized in on oxalic acid solution 
consisting of 30 parts rif oxalic acid, 20 parts of potassium oxalate and 1000 parts of 
water at a current density of 1.5 amps/dm 2 and a "temperature of 55 — €0° for 30 
minutes to form an oxide layer having a thickness of approximately 12 microns, 
rinsed for 10 minutes in running water and then dyed at 60° in a dyebath prepared 1 10 
by dissolving 1 part of dyestuff of the f ormuila 

o Co o 



in 1000 parts of waiter. A golden yellow dyeing is obtained which excels in its 
water-fastness When kept under water and sealed in boiling water. 

The dyestuff used in this example may be prepared as follows: 17.3 parts of 15 
3-ammophenyi-phosphoni!c acid and 7 parts of sodium nitrite are dissolved neutral in 
100 parts of water by the addition of sodium carbonate. This solution is added drop- 
wise to a mixture of 80 parts of ice and 12.5 parts of concentrated sulphuric acid!, 
and diazotftzed at 0—5°. The resulting diazo solution is added at 10° to 80 parts by 
20 volume of sodlium bisulphite solution (40%) containing 19 parts of sodrurn carbonate 20 
and 30 parts of ice. The reaction mixture is sallowed' to warm to room temperature 
while stirring and the temperature is increased to 50° after 2 hours. After the drop- 
wise addition of 61 parts by volume of concentrated sulphuric acid, the mixture is 
brought to the holing point end this temperature is mamtained for 4 hours. The 
cooled solution of phenymydteine-3-phosphonic acid is Tendered sHghdy alkaline by 25 
the dropwise addition of concentrated caustic soda lye, 13.8 parts of acetoaoetic acid 
ethyl ester are added at 60° 5 the pH is adjusted to 12 with concentrated caustic soda 
lye after 1 hour and the solution is heated to 95 — 100° for 2 hours. After cooling, the 
solution is rendered acid to Congo red by the addition of 300 parts by volume of 2N 
sulphuric acid. The precipitated residue is filtered off, washed with water and' dried. 30 
16 parts of l^henyl^-memyM-p-yrazolone-S^phosphonic acid are obtained. 

The diazo compound prepared from 27 parts of 2-amdnophenol^:'6-d!isulphonrc 
acid lis coupled at room temperature in the presence of sodium acetate with 25.5 
parte of l-phenyl-3-methyl-5-pyrazolone--3 1 -phosphoni'c acid, obtained as intermediate 
35 product, and the resulting dyestuff is converted 'into the complex metal compound] of 35 
the above formula by heating with 25 parts of crystallised copper sulphate. 

Example 9 

A sheet of alummium is anodically oxidized for '60 minutes in a solution consisting 
of 5 parts of chromic acid, 0.5 parts of oxalic acid and 03 parts of 'boric acid at 40° 
40 and with a current density of 1 amp/dm 2 and a voltage of 25 — 40 volts, intnsed for 40 

10 minutes in running water and then dyed at 60° in a dyebath produced bv dissolving 
1 part of dyestuff of the formula " ^ 




in 1000 parts of water. A matt red dyeing ds obtained which, compared toi the dyeing 
produced by the comparable dyestuff exempt of phosphoric acid groups excels fri 
its markedly 'improved water-lfastness and its deeper ^hade. * 

The dyestuff used in this Example may 'be prepared 1 as follows: 20.4 pans of 
the monoazo dyestuff prepared according to Example 1 from diazotized 3^amdnophenyl~ 



45 
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phosphonic acid and 2-naphmol-6-sulphonic acid are dissolved in 400 parts of water at 
60°. 13.8 parts .of crystallized copper sulphate and 15 parts of crystallized sodium 
acetate are then added. 14.1 parts of hydrogen peroxide (30% strength) dissolved 'in 
50 parts of water are added dropwise within 30 minutes, the temperature is main- 
tained at 60° for 2 hours, the solution is then heated to 90° and the dyestufF salted 
out after the addition of 1 .3 parts of nitrilo-triacetic acid. 

Example 10 

A sheet of aluminium anodically oxidized according to Example 1 is dyed 
fojr 30 minutes at 60° and with a pH of 5.5 in a bath containing 10 parts of the 
dyestuff of the formula 



10 



co-oo 

CO 



15 



20 



25 



dissolved in 1000 parts of water. A greenish yellow dyeing is obtained which excels in 
its non^bleeding when kept under water and upon sealing. 

The dyestuff used in this Example can be prepared as follows: 27.3 parts of 
qumophthalone are introduced at 25° into 500 parts of chiorosuiphonic acid and 
stirred for 1 hour at 25° and for 4 hours at 130°. After having cooled, the mixture is 
poured into ice and the precipitat sulphonic chloride is filtered off. The moist sul- 
phonic chloride is then immediately slurried 'in 200 parts of water at 0°, neutralized 
with sodium bicarbonate and an ice cold solution consisting of 17.3 parts of 3- 
aminophenyl^phosphonic acid, 40 parts of sodium bicarbonate and 200 parts of rater 
is added. After the reaction is completed, the dyestuff is separated off by the addition 
of sodium chloride and recrystallized from water. 

Equivalent amounts of 4-methyl-3 -aminophenyltrithic arsoriic add can be used 
instead of 3-aminophenyl-phosphonic acid. 

In the following Table further Examples of dyestuffs are listed which excel in a 
high affinity to aluminium oxide layers. The shades produced by ihese dyestuffs on 
anodically oxidized aluminium articles are given in the following Table, 



Example 



Table 

Constitution of the dyestuff 



15 



20 



25 



Shade produced 



off Ms 



30 



1.1 



12 



^^^^^^ 

e#3 Off 




-Nff z 



bluish 
black 



greenish 
black 



30 



13 



NffCOCff* 



POS//Z 




ffO s s 



reddish 
blue 
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Example 



Table— {Continued) 
Constitution of the dyestuff 



Shade produced 



14 



yellow. 



15 




*/>o(b//)- 



16 



XX 



brownish 
orange 



17 




reddish 
violet 



18 



T^p^ — ^—<_V/v=^-/~V^ golden 
\^ Czt/ff—^ ^ — ' yellow 



19 



20 



€>// 



brownish 
ydlow 



21 



coo// 
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Table— (Continued) 
Constitution of the dyestuff 



Shade produced 



22 



Of/ 




SO*// 



reddish 
orange 



23 



Of/ Off M 



C C-MWzFOsf/z 



bluish 
violet 



24 



yellow 



25 



Of/ 



yellow 



26 



Afo 

//ooc 



S>0=?// A/OsS | 



brownish 
red 



27 



off _ 
sos// 



A*03f/z 



reddish 



28 



29 



// 2 o 3 p- 



^5 



3 

0zff-T ^X-M—/Y C—CO////£tf 2 ./ : >0 s ffz 



v-^^ft-ff <r- 



violet 



yellowish 
orange 



Produced tfrom the reaction product of diketene and ainino-methane 
phosphonic acid by coupling with diazotized 6-ni tro-2-aminophenol-4- 
sulphonic acid and subsequent complexing with copper. 
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Table — (Continued) 

Example Constitirtiion of the dye stuff Shade produced 

30 >_< 

red; 

Produced by reacting 2-hydroxy-l-caiboxyn^^ chloride 
and anfeomechane phosphonfc add, splitting off die carhoxy group, coupling 
with diaTxwized 2~aminophenol-4: 6-disi$phonic acid and subsequent com- 
pfcjriiig with copper. 

31 ^^rV^-vv^ Jgg* 



Produced from dyestuff according to Example 27 by oxidative complexing 
with copper. 




red 



32 \ r^A- >S02MCAkP03tf 2 



Produced by condensing 4-chloro»-3-caiboxybenzene suTphodLc cHoitidie mid 
amino-mefllhanie phosphonic acid 3 xesacting the labile cMbiine atom with! 
aqueous ammonia in the presence of copper powder in an? autoclave at 135°, 
diazomzing the resulting amine and coupling with ^hydiroxy-naphthaiene- 
3 : ondfo^phonic acid and converting into the complex copper compound. 

33a Copper complex of the dyestuff of the fbUbwing f ormuflai red 




33b Clhixwnium complex of tte dyesn^ accoitiing to Example 33a. violet 

33c Cobalt complfex of the dyestuff according to Example 33a. raidisll] 

violet 

3 3d Nickel complex of the dyestuff according to Example 33a. red' 



• # 



12 1,022,751 

Table— (Continued) 

Example Constitution of the dyestufF Shade produced 



^^j-£!e73T" violet 



34 ^ ^ ^ reddish 



Produced according to the process of German Letters Patent 870,270 and 
895,041 (See also British Specification No. 744,972). 



0 



37 



38 ^yitv^y^ b^^* 1 



39 



CPC\ 

I — 



wherein CPC means a copper phthaiocyanine molecule substituted in 
3 :4 l : 4 11 : 4 111 -position. 



40 



07 
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Table— (Continued) 

Example Constituti on of the dyestuff Shade produced 

4i O-^-O^f-O jffis 

WHAT WE CLAIM IS: — 

1. A process for dyeing aluminium having an oxide layer capable of absorbing 
organic dyestuffs or an alumirthrm alloy having such am oxide layer, wherein the 

5 oxide layer is dyed miih an organic dyestuff containing ait least one acid group of an 5 

acid of a pentavalent phosphorus, arsenic or antimony. 

2. A process as claimed in claim 1, wherein the dyestuff used contains at least one 
acid group of the formula 

X 
II 

— A— YH 

10 in which A represents a phosphorus, arsenic or antimony atom, X and Y represent an 10 
oxygen or sulphur aitom, and A is bound by at least one of the two free valencies to a 
carbon atom of a dyestuff molecule directly or through an oxygen, sulphur or nitrogen 
atom, and, if not so bound "by the second free valency, 'is bound by the latter valency to 
a hydrogen atom or a hydroxy!, mercapto, alkyl, aryl, altkoxy or aryloxy 'group. 

15 3. A process as claimed in claim 2, therein the dyestuff used contains at least one 15 

acid group of i±e general formula 

O 

II 

—A—OH 
I 

OH 

in which A represents a phosphorus or arsenic atom. 

4. A process as claimed" in any one of claims 1 to 3, wherdui the dyestuff used 

20 contains, in addition ta the said add group or groups, at least one other group impart- 20 
ing solubility in waiter. 

5. A process as claimed in any one of claims 1 to 3, wherein the dyestuff used 
contains, in addition to the said acid group or groups, at least one sulphonic acid 
group. 

25 6. A process as claimed in claim 1, wherein the dyestuff used is any one of the 25 

dyestuffs of the formulae given in Examples 1 to 41. 

7. A dyeing process as claimed in daam 1 and conducted substantially as described! 
in any one of Examples 1 to 10. 

8. Aluminium or an' aluminium alloy Which has been dyed by the process claimed 

30 in any one of claims 1 to 7. 30 
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